Abstract. Kinesin family member C1 (KIFC1, also known as HSET) is a minus end-directed motor protein, which is critical in centrosome clustering. The present study investigated the expression of KIFC1 in paired hepatocellular carcinoma (HCC) tissues and adjacent non-cancerous tissues from 91 patients by immunohistochemical analysis; clinical data were concomitantly collected. KIFC1 was expressed at high levels in HCC tissues, compared with that in peritumoral tissues (54.9 vs. 14.3%; P<0.01), and its expression correlated with tumor emboli, metastasis, recurrence and time of recurrence. Kaplan-Meier analysis showed that the expression of KIFC1 was significantly associated with tumor-free survival rates. In addition, multivariate analyses revealed that the overexpression of KIFC1was an independent predictive marker in patients with HCC. Consistently, data derived from GEPIA was in agreement with the results. In vitro, KIFC1 knockdown effectively decreased HCC cell viability, and induced apoptosis and cell death. KIFC1 knockdown also significantly suppressed tumor cell migration and invasion in vitro. Mechanistically, the apoptosis-related protein, B-cell lymphoma-2 (Bcl-2), was downregulated in KIFC1 small interfering RNA-treated groups, whereas thee levels of Bcl-2-associated X protein and p53 were upregulated. In addition, the expression levels of phosphorylated phosphoinositide 3-kinase and phosphorylated AKT were decreased significantly when KIFC1 was silenced. The epithelial-mesenchymal transition-related proteins, N-cadherin, matrix metalloproteinase-2 (MMP-2), β-catenin, Slug, and Zinc finger E-box-binding homeobox 1, were downregulated, whereas the expression of E-cadherin was upregulated. The overexpression of KIFC1 was correlated closely with the progression of HCC and poor prognosis, and suggested that the expression levels of KIFC1 are a potential prognostic biomarker and therapeutic target in HCC.
Introduction
Hepatocellular carcinoma (HCC) is a life-threatening malignancy that occurs worldwide; 250,000-1,000,000 new cases are diagnosed each year worldwide and the life expectancy from the time of diagnosis is ~6 months (1, 2) . As there are different major causative and risk factors, the incidence of HCC varies by geographical area. HCC is particularly common in Asia due to the high incidence of hepatitis B virus (HBV) and hepatitis C virus infection, and the intake of dietary aflatoxin. In China, HBV infection is the most common cause of HCC (3) (4) (5) . Hepatectomy and liver transplantation are potentially curative approaches in HCC (6) . However, as HCC tends to be diagnosed at the later stage, only a small proportion of patients are eligible for these treatments (6, 7) . Therefore, it is necessary to investigate the genes responsible for the development and progression of HCC, establish an improved prognostic model, and identify prognostic biomarkers with higher sensitivity, accuracy and specificity.
In normal somatic cells, centrosomes complete duplication precisely during cell division (8) (9) (10) . Increased centrosome number or centrosome amplification causes chromosomal instability, aneuploidy and tumorigenesis, which affect the cell cycle and apoptosis, and are associated with tumor differentiation, metastasis and recurrence. However, cancer cells can evade these conditions and maintain survival by clustering the extra centrosomes (8) (9) (10) . In previous studies, centrosome amplification has been recognized as a hallmark of cancer (9, 11, 12) .
A C-type kinesin of the kinesin-14 family (13), kinesin family member C1 (KIFC1, also known as HSET), is a minus end-directed motor protein (14) with a critical role in centrosome clustering in cancer cells (15) . KIFC1 is reported to exert its function in vesicular and organelle trafficking (16) , oocyte development (17) , spermatogenesis (18, 19) and doublestranded DNA transportation (20) . Previously, investigations have focused on KIFC1, as it is essential for the bipolar mitotic KIFC1, a novel potential prognostic factor and therapeutic target in hepatocellular carcinoma XIAOWEI (15, 21) . KIFC1 is upregulated in ovarian cancer, breast cancer and non-small cell lung cancer, and it facilitates cancer initiation and progression (22) (23) (24) . In addition, the overexpression of KIFC1 suppresses docetaxel-mediated apoptosis in breast cancer cells (25) . However, the expression of KIFC1 in HCC has not been investigated. In addition, the effects of KIFC1 on apoptosis, the cell cycle and epithelial-mesenchymal transition (EMT) in HCC remain to be fully elucidated. Accordingly, the present study examined the expression and distribution of KIFC1 in HCC via immunohistochemistry, and assessed the expression of KIFC1 in HCC specimens, in terms of its association with HCC clinicopathological characteristics and tumor-free survival rates of patients. Furthermore, the effects of KIFC1 knockdown on the regulation of HCC cell malignant behaviors were examined in vitro.
Materials and methods

Patients and tissue samples.
A total of 91 paired tumor tissues and corresponding normal liver tissues were obtained from patients pathologically diagnosed with HCC, who underwent surgical resection between 2009 and 2013 at the Second Affiliated Hospital of Nanchang University (Nanchang, China). These patients had not received chemotherapy or radiotherapy prior to surgery. The samples were cut into 4-5 mm 3 sections, quick-frozen in liquid nitrogen and stored at -80˚C. The clinicopathological data of the patients, including sex, age, tumor size and tumor stage, were collected concomitantly. Histologically, tumor stage was classified separately by two experienced pathologists according to the American Joint Committee on Cancer (26) . The present study was approved by the Ethics Committee of the Second Affiliated Hospital of Nanchang University, written consent was obtained from each participant, and the study was performed in accordance with the ethical standards of the Declaration of Helsinki.
Immunohistochemistry. A two-step immunohistochemical method was used to perform the immunohistochemistry. Specifically, the 4-mm-thick paraffinized sections of the paired tumor and peritumoral tissues were dewaxed in a 65˚C water bath for 90 min, deparaffinized twice in xylene for 15 min per deparaffinization, rehydrated in gradient alcohol for 5 min per concentration, and placed in a pressure cooker at 100˚C for 15 min for antigen repair. The sections were incubated with 3% H 2 O 2 at room temperature for 15 min to block endogenous peroxidase activity, washed with phosphate-buffered saline (PBS) three times (5 min per wash), and blocked with goat serum (Boster, Wuhan, China) for 30 min. Subsequently, the sections were incubated with rabbit anti-KIFC1 antibody (1:200; ABclonal, Wuhan, China) at 4˚C overnight. The following day, the sections were incubated with the secondary antibody (PV-6000, 1:200; ZSGB-Bio, Beijing, China) for 30 min at 37˚C. Following washing with PBS three times, diaminobenzidine and hematoxylin were used for the color reaction. Pathologists evaluated the immunostained tissue sections independently in a blinded manner using a microscope (Olympus, Tokyo, Japan). KIFC1 protein was localized in the nuclei. Staining was scored as 0 (no staining), 1 (weak staining), 2 (moderate staining) or 3 (strong staining) according to the staining intensity. Based on the percentage of staining, the extent was scored as 1 (<10% staining), 2 (10-40% staining), or 3 (>40% staining). The overall staining scores were then computed by multiplying the scores for staining intensity and extent of staining. The final score ranged between 0 and 9, with scores of 0-1 indicating negative expression of KIFC1 and scores of 2-9 indicating positive expression of KIFC1.
Data mining. The data of expression of KIFC1 for liver HCC was obtained from the Gene Expression Profiling Interactive Analysis (GEPIA) online database (http://gepia.cancer-pku.cn/), a web server providing customizable functions (27) . Tumors and normal samples in the GEPIA database were derived from The Cancer Genome Atlas (TCGA) and the Genotype-Tissue Expression (GTEx) projects. The correlations of disease-free survival and overall survival rates with the expression of KIFC1 in HCC were also computed by the GEPIA database.
Cell lines and culture. The MHCC-97H, SMMC-7721 and HCC-LM3 human HCC cell lines, and the HL-7702 human liver cell line (also named LO2) were obtained from the Shanghai Institute for Biological Sciences, Chinese Academy of Sciences (Shanghai, China). The HL-7702 cells were used as the control. The cells were cultured in high-glucose Dulbecco's modified Eagle's medium (DMEM; Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 10% fetal bovine serum (FBS; Gibco, Grand Island, NY, USA) and maintained in a humidified incubator with 5% carbon dioxide at 37˚C. Exponential growth-phase cells were used for the in vitro assays. The cells were used for in vitro assays or were subcultured to ~80% confluence when in the logarithmic growth phase.
Small interfering RNA (siRNA) depletion of KIFC1. Two human KIFC1 siRNA reagents were purchased from GenePharma (Shanghai, China); the sequences of siRNA1 (KIFC1-s1) and siRNA2 (KIFC1-s2) were 5'-UAACUGACCCUUUAAGUC CUU-3' and 5'-UGGUCCAACGUUUGAGUCCUU-3' , respectively. A negative siRNA was used as the control. The HCC-LM3 and SMMC-7721 cells were transfected using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol for 48 h in 6-well plates. The transfected cells were used for protein extraction or other subsequent assays.
Protein extraction and western blot analysis.
The cells in the 6-well plates were lysed using radioimmunoprecipitation assay buffer containing 1% phenylmethanesulfonyl fluoride to extract the total protein, and quantified using the Bradford method as previously described (28) . Protein concentrations were separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and then transferred onto polyvinylidene fluoride membranes. The membranes were blocked using 5% non-fat milk for 2 h at room temperature, and subsequently incubated overnight with anti-KIFC1 (ABclonal) or other primary antibodies at 4˚C. The antibodies against BAX (#2772), Bcl-2 (#4223), p53 (#2527), E-cadherin (#3195), N-cadherin (#13116), β-catenin (#8480), MMP-2 (#13132), Slug (#9585), ZEB-1 (#3396), p-PI3K (#4228), PI3K (#4249), AKT (#4691) and p-AKT (#4060), were acquired from Cell Signaling Technology (Danvers, MA, USA) and the anti-GAPDH (ab8245) was acquired from Abcam (Cambridge, MA, USA). All these antibodies were used according to the manufacturers' instructions. Following three washes with Tris-buffered saline containing Tween-20 at 10 min per wash, the membranes were incubated at room temperature for 1 h with horseradish peroxidase (HRP)-conjugated secondary antibody (1:10,000; Abcam). The membranes were then washed three times, as previously, and the target protein immunoreactivity was detected using an enhanced chemiluminescence system (Clinx, Shanghai, China). As an endogenous protein, glyceraldehyde-3-phosphate dehydrogenase was used for normalization. The results of western blot was quantified by densitometric analysis using ImageJ software.
Cell viability assay. Cell viability was assayed using Cell Counting Kit-8 (CCK-8; Nanjing KeyGEN Biotech Co., Ltd., Nanjing, China). A total of 5,000 cells were seeded in each 96-well plate for 24 h following KIFC1 siRNA-transfection, and incubated for another 24, 48, 72 and 96 h. At the end of each incubation period, 10 µl CCK-8 reagent was added to each well and incubated for 1 h prior to measurement of the optical density of each well at 450 nm using a microplate reader.
Analysis of apoptosis. Apoptosis was detected using fluorescence-activated cell sorting (FACS) with an Annexin V Cell Apoptosis Analysis kit (Sungene Biotech, Tianjing, China). The cells (~1x10 5 ) were harvested for each assay, washed with cold PBS, and suspended twice with 1X binding buffer. Annexin V-fluorescein isothiocyanate was added (5 µl) and the cells were incubated for 10 min in the dark at room temperature. Subsequently, 5 µl propidium iodide (PI) solution was added and the samples were incubated for 5 min at room temperature in the dark. Finally, the samples were analyzed by flow cytometry (BD Biosciences, San Jose, CA, USA) within 1 h.
Cell cycle analysis. Cell cycle distribution was analyzed via FACS. The cells were harvested and the cell numbers adjusted to 1x10 6 . The cells were then fixed overnight in cold 70% ethanol at 2-8˚C, washed twice with cold PBS, resuspended with 0.5 ml PI/RNase (Sungene Biotech) staining solution, and incubated for 30 min at 37˚C in dark prior to analysis by flow cytometry.
Transwell assay. The migration and invasive capabilities of the HCC-LM3 and SMMC-7721 cells were detected using Transwell assays. In the invasion assay, 60 µl diluted Matrigel (BD Biosciences) was added to Transwell chambers for 24 h at 37˚C. The cells were resuspended in serum-free DMEM, the cell number was adjusted to 1x10 4 , and the cells were added to the Transwell chambers. The chambers were placed in a 24-well plate and 600 µl DMEM containing 20% FBS was added to the lower surface of the chambers. Following incubation for 24 h, the non-invaded cells and Matrigel were wiped away carefully, and the invaded cells were fixed in 4% paraformaldehyde for 30 min, and stained with 0.1% crystal violet for 30 min. The number of invaded cells was calculated under a microscope (Olympus). The same steps were used in the cell migration assay; however, Matrigel was not used.
Statistical analysis. SPSS software (version 17.0) was used for all statistical analyses. The Mann-Whitney U test was used to compare the expression of KIFC1 between HCC tissues and paired normal tissues; the expression of KIFC1 and clinicopathological data were examined using the χ 2 test. Tumor-free survival rates were evaluated using Kaplan-Meier curves, and the Cox proportional hazards regression model was used to evaluate the hazard ratio (HR) and to confirm independent prognostic predictor factors. The in vitro data are expressed as the means ± standard error and performed using one-way analysis of variance. Multiple comparison between the groups was performed using a Student-NewmanKeuls (S-N-K) test. P-values were based on a two-sided statistical analysis. All assays were performed independently three times. P≤0.05 was considered to indicate a statistically significant difference.
Results
KIFC1 is overexpressed in HCC clinical samples.
Using immunohistochemistry, the present study evaluated the protein expression of KIFC1 in 91 paired HCC clinical samples and corresponding normal tissues for the first time, to the best of our knowledge. 78/91 normal tissue samples (Fig. 1A-a) and 41/91 HCC tissue samples (Fig. 1A-b) had negligible expression of KIFC1. There was positive KIFC1 expression in 50/91 samples (Fig. 1A-c and d) , and KIFC1 was mainly localized to the nuclei in the HCC samples. Therefore, KIFC1 was expressed at high levels in HCC tissues, compared with the peritumoral tissues (54.9 vs. 14.3%, P<0.01). Furthermore, it was found that the mRNA level of KIFC1 was significantly upregulated in HCC clinical samples, compared with that in the normal tissues via the online GEPIA database, the samples of which were from TCGA and the GTEx projects. (P<0.05) (Fig. 1B and C) .
Overexpression of KIFC1 is associated with HCC clinicopathological characteristics and tumor-free survival rates.
The association between the protein expression of KIFC1 and clinicopathological data in 91 HCC clinical samples is shown in Table I . Specifically, a high level of KIFC1 was significantly associated with tumor emboli (P=0.033), metastasis (P=0.001), recurrence (P=0.015) and time of recurrence (P=0.015). However, the expression of KIFC1 was not associated with sex, age, HBV, cirrhosis, α-fetoprotein (AFP), tumor size, tumor amount, differentiation, tumor capsule, tumor-node-metastasis (TNM) stage or Barcelona Clinic Liver Cancer (BCLC) stage. The Kaplan-Meier analysis showed that the expression of KIFC1 was significantly associated with tumor-free survival rate (P=0.004) (Fig. 1D) (Table II) . The multivariate analysis also showed that the expression of KIFC1 (HR=0.518; 95% CI=0.281-0.953; P=0.035) was an independent predictive marker in patients with HCC (Table II) . To confirm the above results, it was also found that the mRNA expression of KIFC1 was significantly associated with disease-free survival rate (P=0.00064) (Fig. 1E) and overall survival rate (P=1.9e-0) (Fig. 1F) by GEPIA.
Expression of KIFC1 in HCC cell lines.
To further validate the role of KIFC1 in HCC, western blot analysis was performed to evaluate the expression of KIFC1 in human HCC cell lines and human normal liver epithelial cells. The expression of KIFC1 was high in MHCC-97H, SMMC-7721 and HCC-LM3 cells, but was absent in LO2 cells (Fig. 2A) . As the HCC-LM3 and SMMC-7721 cell lines had high protein levels of KIFC1, these two cell lines were selected for the subsequent cell function investigation.
Effects of the knockdown of KIFC1 on cell viability, apoptosis and cell cycle in HCC-LM3 and SMMC-7721 cells.
Two independent siRNAs targeting KIFC1 were used to examine the role of KIFC1 in the development and progression of HCC, with that the mRNA and protein expression of KIFC1 shown to be significantly silenced by RT-qPCR and western blot analyses at 48 h post-siRNA transfection ( Fig. 2B and C) . The cell viability of the two cell lines was significantly suppressed following KIFC1 knockdown (Fig. 2D) . In addition, the KIFC1 siRNA-treated cells showed a marked increase in the rate of apoptosis, compared to the control (P<0.001) (Fig. 3) . In confirming these results, it was demonstrated that the apoptosis-related protein Bcl-2 was downregulated, whereas Bax and p53 were upregulated (Fig. 4A) . Furthermore, it was found that the expression levels of phosphorylated (p-)phosphoinositide 3-kinase (PI3K) and p-AKT were decreased significantly when KIFC1 was silenced (Fig. 4B) . However, when DNA content was analyzed to assess cell cycle distribution, there was minimal change in the KIFC1 siRNA-treated group, compared with the control (P=0.254) (Fig. 5) . These results demonstrated that the knockdown of KIFC1 be an effective strategy for inhibiting HCC growth.
Effects of KIFC1 knockdown on inhibition of HCC-LM3 and SMMC-7721 cell migration and invasion.
To investigate the effects of the inhibition of KIFC1 on HCC cell migration and invasion, Transwell assays were performed following transfection of KIFC1 siRNA or control siRNA into the two HCC cell lines. KIFC1 siRNA-treated cells had markedly impaired migration ability, compared with the blank and control groups (P<0.001) (Fig. 6) , and there was a parallel downward trend in invasive ability (P<0.001) (Fig. 6 ). In addition, the expression of EMT-related proteins, including N-cadherin, matrix metalloproteinase-2 (MMP-2), β-catenin, Slug, Zinc finger E-box-binding homeobox 1 (ZEB1) and E-cadherin, were examined using western blot analysis. Compared with the negative control group, N-cadherin, MMP-2, β-catenin, Slug and ZEB1 were downregulated, whereas E-cadherin was upregulated (Fig. 7) . These results indicated that the expres- Table I . Association between protein expression of KIFC1 and clinicopathological parameters in patients with hepatocellular carcinoma. sion of KIFC1 may be associated with tumor invasion and metastasis in HCC.
KIFC1 status Patients ----------------------------------
Discussion
HCC is a life-threatening malignancy worldwide (1) . Although traditional TNM classification systems provide a basic prognostic model, difficulty remains in differentiating outcomes considering the asymptomatic nature of early-stage HCC (29). Therefore, it is imperative to clarify the molecular mechanism underlying the progression of HCC and identify a novel HCC marker and therapeutic target.
KIFC1, a minus end-directed motor protein (14) , is critical in centrosome clustering in cancer cells and is essential for cancer cell survival (15) . KIFC1 predicts poor prognosis and shorter overall survival rate, and may serve as a potential marker of metastasis in ovarian cancer (22) . In non-small cell lung cancer, together with Alzheimer antigen and N-cadherin, the overexpression of KIFC1 predicts brain metastasis in patients with early and advanced disease (23) . KIFC1 is also overexpressed in breast cancer tissues and cell lines, and KIFC1 knockdown reduces breast cancer cell viability (24) .
However, the correlation between the expression of KIFC1 and HCC has not been reported. KIFC1 is essential for bipolar Table II . Univariate and multivariate analyses of relapse-free survival rates in hepatocellular carcinoma.
Univariate analysis
Multivariate analysis .05. KIFC1, kinesin family member C1; Bcl-2, B-cell lymphoma-2; Bax, Bcl-2-associated X protein; PI3K, phosphoinositide 3-kinase, p-, phosphorylated; NC, negative control; si-1/S1, small interfering RNA 1; si-2/S2, small interfering RNA 2. mitotic division of cancer cells, but appears redundant in normal cells (15, 21) , suggesting that KIFC1 is a promising thera peutic target in investigations on highly selective anticancer agents. The present study reported for the first time, to the best of our knowledge, that KIFC1 was expressed at a high level in HCC tissues, compared with that in peritumoral tissues, and its expression was correlated with tumor emboli, metastasis, recurrence and time of recurrence. Kaplan-Meier analysis showed that the expression of KIFC1 was significantly associated with tumor-free survival rates. In addition, multivariate analyses revealed that the overexpression of KIFC1 was an independent predictive marker in patients with HCC. Consistently, data derived from the TCGA and the GTEx projects via the online GEPIA database confirmed that the expression of KIFC1 was upregulated and significantly associated with disease-free survival and overall survival rates in HCC. These results indicated that a high expression of KIFC1 may be a crucial prognostic indicator for HCC.
In the present study, KIFC1 knockdown significantly suppressed HCC cell viability and markedly increased the rate of apoptosis. In addition, Bcl-2 was downregulated, whereas Bax and p53 were upregulated; these proteins act as regulatory proteins in the process of apoptosis (30) . Apoptosis is one of the most characteristic hallmarks of the cell death process (31) . Dysregulation of the balance between cell death and proliferation has been identified as a protumorigenic process during hepatic tumorigenesis (32) . These results provide novel clues to the development and progression of HCC, and indicate that silencing KIFC1 can be critical in the anti-apoptotic process and correlate closely with apoptosis-related proteins. In addition, a previous study indicated that the PI3K/Akt signal pathway is involved in cell proliferation and apoptosis (33) . In the present study, KIFC1 knockdown inhibited the expression of p-PI3K and p-PAKT, which indicated that the downregulation of KIFC1 in HCC cells induced apoptosis via the PI3K/AKT pathway. Investigations in the future aim to elucidate the mechanisms more directly.
In cancer, metastasis is considered the leading cause of mortality (34) . The poor prognosis of patients with HCC is mainly due to intrahepatic and distant metastasis. Metastasis involves a series of interdependent events, including cancer cell proliferation, migration and invasion (35) . EMT promotes HCC cell migration and invasive ability (36). Evidence suggests that EMT confers tumor cells with various malignant characteristics, including increased mobility, aggressiveness, evasion from apoptosis and a stem-like phenotype (37) . Accordingly, the present study investigated the effects of the inhibition of KIFC1 on HCC cell migration and invasion via a Transwell assay, and the resulting data indicated that KIFC1 was involved in tumor metastasis. In addition, the present study examined the expression of the EMT-related proteins, N-cadherin, MMP-2, β-catenin, Slug, ZEB1 and E-cadherin, using western blot analysis. The results of the western blot analysis were in agreement with those of the Transwell assay, and also showed that KIFC1 mediated HCC metastasis by modulating EMT. Therefore, KIFC1 knockdown may be an ideal therapeutic strategy for metastatic HCC.
In conclusion, the present study is the first, to the best of our knowledge, to show that KIFC1 was overexpressed in HCC tissues compared with peritumoral tissues. Based on the above results, it is possible to conclude that the overexpression of KIFC1 is correlated closely with the progression of HCC and poor prognosis, and the expression level of KIFC1 may be a potential prognostic biomarker and therapeutic target for HCC.
